The aim of the present work is to predict the performance of the advanced biomass gasifier through computer simulation with computational fluid dynamics (CFD) software and to predict the flow field, velocity and temperatures at any spatial location. The computation is then extended to study the variation in gas composition and calorific value of the producer gas while increase the temperature. However validation of predicted results is essential to get confidence in the prediction procedure. Hence a quantitative comparison of the predicted results has been done with the experimental results taken from the Centre for Energy Technology, Osmania University, Hyderabad and was found to agree well with data available in CET.
INTRODUCTION
Biomass gasification offers several potential advantages over alternative approaches. First, conversion of the solid feedstock to a gaseous fuel significantly increases the opportunities for using biomass as an energy source. Since the gasification product is a fuel or synthesis gas rather than simply a stream of hot combustion products, the fuel can be used for different purposes. Gasification also offers potential environmental advantages when compared to combustion systems. Combustion of the resulting gaseous fuel can be more accurately controlled than combustion of the solid biomass. As a result, the overall emissions from gasification based power systems [1] , particularly those of NO X , can be reduced. Undertaking experimental work in this direction is complicated, expensive and time consuming especially when combustion is involved. Numerically predicted data using appropriate governing equations incorporating physics models can be immense help throw light on such flow situations. Further, this approach is comparatively cheaper and faster. With the advent of new generation of computers with advanced features the numerical prediction procedures seems to be attractive. It is proposed in this work to study the distribution of velocities and turbulent kinetic energy in an advanced biomass gasifier using coal as a fuel. Validation of the predicted results is done by making a qualitative comparison with experimental data available in the Centre for Energy Technology (CET), Osmania University, Hyderabad, India.
LITERATURE REVIEW
Gasification processes can be designed in such a way that the exothermic and endothermic reactions are thermally balanced. It is not possible to control the process as there is such a competition among so many reactions, hence we need proper combination of temperature, pressure, reactant and recycle product feed rates, reaction time and oxygen to steam ratio. Advanced systems provide high efficiencies with reduced emissions to mitigate greenhouse gas emissions. Paisley and Anson [2] discussed the development and commercial demonstration of the Battelle high through-put gasification process power generating system. Hughes [3] and Avdhesh Kr. Sharma [4] use a modelling approach to simulate the effect of varying moisture content in the gasifier feed biomass.
DESIGN AND METHODOLOGY
These designs are based on the data available in the Gasification Lab, CET, created geometry of the components and assembled. The CAD model of the advanced biomass gasifier is shown in Figure 1 .
We are considering the design of Imbert type or down draft gasifier with fixed bed in the present work. Due to the reduction in the throat area, the gas velocity increases and a temperature rise and become uniform in this zone. Since most of the combustion takes place just above the throat, the oxidation zone is formed at the throat. The high and uniform temperatures help in better quality of producer gas from the gasifier in terms of higher carbon monoxide and hydrogen and also help in thermal cracking [5] and combustion of tar [6] and the resultant gas has low tar and high calorific value. With the introduction of throat the gasifier becomes highly fuel specific and coal of specific size can be used for gasification.
For simulation of the gasifier, inner shell with air pipes assembly has been taken into consideration where the exact combustion and reactions occurs in the advanced biomass gasifier. The model for which analysis has been considered is shown in the Figure 2 .
MESHING AND BOUNDARY CONDITIONS
The geometry modeled as shown in Figure 2 in Solid works, is exported to ICEM CFD software and meshing is generated. The unstructured triangular elements on surfaces and tetrahedral in flow domain are adopted in gasifier meshing as shown in Figure 3 . The number of nodes are 31,823 and elements are 1, 73,993. The Figure 4 shows the air inlet and fuel inlet from top and raw gas outlet from the bottom. The air goes to the combustion area through the distributor pipe with nozzles. The boundary conditions are applied, fuel inlet, air inlet and outlet of gas for heat transfer models. The Table 3 shows the physics report for the domain, the turbulence model used is K epsilon. The air passes through pipes to the nozzle area where air gets mixed with fuel (coal) which is coming from the top as shown in figure 4.
Physical Characteristics of the P A M
The physical characteristics of the problem are as follow: 1. Three-dimensional, 2. Buoyancy force, 3. Varying fluid properties, and 4. Impermeable walls
The following are the general assumptions made in this study: 1. The flow is steady, 2. No-slip condition (zero velocity) is imposed on wall surfaces and 3. Chemical reaction is faster than the time scale of the turbulence eddies.
A no slip boundary condition was assigned for the surfaces, where both velocity components were set to zero at that boundary i.e. u = υ = 0. The Tables given below shows the boundary details of air inlet, coal inlet and coal combustion wall. Table 5 shows the boundary physics for the coal inlet in the advanced biomass gasifier. The outlet boundary conditions are shown in Table 7 below. 
EXPERIMENTAL CALCULATIONS
Experimental values of temperature and velocity of gasifier are calculated for the comparison and validation of the computational results obtained from ANSYS CFX. Temperatures are measured using thermocouples where as velocities are found out using venturimeter.
G

Gasification efficiency defined as:
The typical composition of the clean gas leaving the gas processing system is shown below:
Condensable Organic Compounds 0.1 to 0.3 g/Nm³ Carbon Dioxide 14.4
RESULTS AND DISCUSSIONS
This study of gasification/thermal flow interactions and investigate the effects of these different input parameters on the performance of down draft biomass gasifiers by modeling the gasification process and employing the Computational Fluid Dynamics (CFD) technology would contribute to the industry resolving concerns and improve gasifier efficiency and reliability.
VELOCITY VECTORS
The simulation results on the gas temperature, velocity counters and mole fractions of species at the gasifier outlet are discussed in details in the following Figures. The below Figure 6 .1 shows the velocity vector inside the gasifier The velocity at air inlet is 7.188 m/s and gets increased in the combustion zone; the outlet velocity is 12.69 m/s. .9 shows the Temperature Vs distance graph. The inlet temperature is 343 K and it increases when it mixed with the air at combustion zone and the maximum temperature was 1344 K at the combustion zone. The temperature at the outlet was 636.62 K.
The Figure 6 .10 shows the Carbon Monoxide mass fraction contour of gasifier and Figure 6 .11 shows the Oxygen mass fraction contour of gasifier. Based on these results the graphs have been drawn. As the equivalent ratio increasing the oxygen percentage decreasing but carbon monoxide is increasing upto equivalent ratio of 0.40 and after that it is decreasing.
CONCLUSION
Biomass gasifier has great utility in industrial for its applications. Biomass gasification offers several potential advantages over alternative approaches. The velocity vector contours, Eddy viscosity contours, temperature contours and Turbulence kinetic energy are found to increasing after combustion and maximum values are at combustion zone. Contour of Mass Averaged Pressure is found to be decreased. Based on the simulation the maximum reaction temperature reported above is the temperature at the central line of combustion zone. As the equivalence ratio increase the partial combustion processes converts into complete combustion.
